In the present study, we demonstrate that cyclindependent kinase 5 (Cdk5), a cytoplasmic serine/threonine kinase, plays a role in the dispersion of AChR clusters. We show that cholinergic agonists activate Cdk5 and disperse AChR clusters in myotube cultures that are previously induced by agrin. Blockade of Cdk5 activity by a selective inhibitor, roscovitine, ameliorates ACh-induced dispersion of AChR clusters in cultures. Moreover, blocking Cdk5 activity by in utero treatment with roscovitine or by genetic deletion of the Cdk5 gene in agrin mutant embryos leads to the maintenance of a significant number of AChR clusters that would otherwise have been dispersed. Similar results were observed when production of the neurotransmitter ACh was blocked in agrin mutant embryos. These combined pharmacological and genetic results suggest a Cdk5-dependent pathway by which ACh regulates the formation of synapses by disassembling the postsynaptic apparatus that fails to make correct connections with the presynaptic terminals. tion (inset in Figure 2D ), whereas the nerve terminals failed to differentiate in AGD mutants (inset in Figure  2C ). Thus, both pharmacological and genetic data sup- To determine whether cholinergic agonists activate Cdk5, mouse C2C12 myotubes were treated with carbachol, agrin, or both together. Cell lysates were then immunoprecipitated with anti-Cdk5 antibodies and subjected to a kinase assay using histone H1 as the substrate. As shown in Figure 3A , the levels of phospho-H1, indicative of Cdk5 activity, were increased following the AChR agonist carbachol treatment in C2C12 myotubes (3.8 ± 0.86 fold; n = 3; Figure 3B ). Agrin treatment alone did not significantly affect Cdk5 activity (1.36 ± 0.38 fold; n = 3; Figure 3B ). Addition of agrin C2C12 myotubes were treated with agrin overnight. Afsults were found when the average sizes of individual clusters were compared between control and Cdk5 muter removing agrin, the cultures were then treated with medium, carbachol, or carbachol together with roscovitant myotubes ( Figure 5D ). These results suggest that Cdk5 is required for the cholinergic agonist-induced tine. As illustrated in Figure 5A Table 2 ). In contrast, numerous and Cdk5 mutant primary myotubes were more diffused ( Figure 5B) . Therefore, the longest axis of AChR clusAChR clusters were present in the E17.5 AGD/ChAT double mutants ( Figure 6D) . Furthermore, the presynters per 100 m myotube was measured. As shown in Figures 5B and 5C , the sizes of AChR clusters in Cdk5 aptic nerve terminals in AGD/ChAT double mutants differentiated, since they were intensely labeled by antimutant myotubes were not significantly reduced by carbachol. In contrast, carbachol markedly reduced the bodies against synaptophysin (inset in Figure 6D ). In contrast, the presynaptic nerve terminals failed to difsizes of AChR clusters in control myotubes. Similar re- Figure 6B ). Although AChR clusters were present in E17.5 AGD/ChAT double mutants and distributed in a broader pattern when compared to that in controls ( Figure 6A ), the number of AChR clusters was smaller than that observed in ChAT mutants ( Figure 6C) (Table 2) . Furthermore, the average size and area of individual AChR clusters in double mutants were larger than those in controls and AGD mutants, but smaller than those in ChAT mutants (Table 2) (Table 2) . However, these results cannot rule out that agrin is essential for increasing and maintaining the sizes of AChR clusters. Although AChR clusters were initially maintained in AGD/ChAT double mutant muscle, the stability of these clusters may be decreased in the absence of agrin. In ChAT mutants, agrin is present to maintain and/or increase the size of individual AChR clusters. We have noticed that increased numbers of smaller AChR clusters are present in ChAT/AGD and HB9 mutants as injected intraperitoneally with roscovitine in saline at 5-15 mg/kg body weight once at E14.5 and E15.5. Roscovitine was initially disQuantitative Analysis of AChR Clusters solved in DMSO (15 mg/ml DMSO). Therefore, DMSO in saline was Z-serial images were collected from whole-mount diaphragm samused as a control. Diaphragm muscles were collected from E16.5 ples with a 20× or 60× oil objective using an Olympus confocal embryos and processed for AChR staining as described above. laser scanning microscope. The dorsal right side of the diaphragm was used for quantitative analysis. A projected image was created by overlaying each set of z series and was saved as a JPEG file. 
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